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Description 

[0001] This invention relates generally to a patch, 
controller and method for the photodynamic therapy 
(PDT) of a dermal lesion such as actinic keratosis, basal 
carcinoma and psoriasis. More particularly, this inven- 
tion relates to a portable combination controller and 
patch and method for applying photodynamic therapy 
(PDT) to a dermal lesion using a light or photoactivated 
photopharmaceutical. 

[0002] Bodies, sheet or layer forms, of hydrogel or hy- 
drogel materials, particularly transparent hydrogel or hy- 
drogel materials, are well known in the medical field and 
may comprise, for example, a polyvinyl alcohol with a 
water matrix. Some of these transparent hydrogel or hy- 
drogel materials are castable and can be cast into inti- 
mate contact with other devices. They have been widely 
adapted to such applications as diagnostic electrodes 
(for EKG), wound care dressings, and transdermal de- 
livery devices for systemic delivery of pharmaceutical 
agents. The biocompatability of this class of materials 
is well established for extended contact with dermal 
structures. 

[0003] Much of the priorart in medical applications for 
hydrogel or hydrogel materials relates to devices and 
methods for electrical conductivity enhancement. Criti- 
cal in using hydrogel in many medical applications, such 
as an electrical interface, is the ability of the hydrogel to 
form intimate physical contact with skin or dermal struc- 
tures. U.S. Patent No. 5,143,071 issued to Keusch etal. 
on September 1, 1992, has an extensive list and de- 
scription of priorart hydrogels suitable forthis purposes. 
[0004] A concurrent body of prior art embraces hydro- 
gels or hydrocolloids, as wound dressings and dress- 
ings impregnated with pharmaceutical compounds. 
Representative of this prior art is U.S. Patent No. 
5, 1 56,601 to Lorenze etal. Further, the work of Gombotz 
etal., Proc. Intl. Symp. Cont. Rei Bioact. Mti, Vol. 19, 
1992, describes the rapid release of complex com- 
pounds from hydrogels to skin or dermal structures. 
[0005] U.S. Patent No. 5,079,262 issued to Kennedy 
etal. discloses a method of detection and treatment of 
malignant and non-malignant lesions utilizing 5-ami- 
nolevulinic acid ("ALA"). ALA is administered to a patient 
in an amount sufficient to induce biosynthesis of pro- 
toporphyrin IX in the lesions, and is followed by expo- 
sure of the treated lesions to a photoactivating light in 
the range of 350-640 nm. ALA is taught to be adminis- 
tered to a patient orally, topically or by injection. 
[0006] None of the prior art references teach or sug- 
gest using hydrogel as an optical, chemical and fluidic 
coupling agent for light in the photodynamic therapy of 
dermal lesions. Since its first reported clinical use at the 
turn of the century, photodynamic therapy has been ac- 
complished using light projected to the dermal treatment 
site from sources at some distance from the site. Mod- 
ern photodynamic therapy (from 1 978 onward) has de- 
veloped light delivery protocols using artificial sources 



such as tungsten halogen or xenon arc lamps with 
wavelength filtration to activate photopharmaceuticals. 
All of the above light sources have been used in projec- 
tive, field-illuminating devices that flood the target treat- 

5 ment field or site in the treatment of superficial cutane- 
ous lesions with light containing a wavelength designed 
to activate the photopharmaceutical. These references 
generally teach that the dosimetry of applied photody- 
namic therapy can be controlled and varied by varying 

10 the intensity and/or duration of the photoactivating light 
applied to a photopharmaceutical performing photody- 
namic therapy. 

[0007] In the case of the tungsten and xenon-arc 
sources, extensive filtration of the available light flux is 

15 essential to restrict the delivered energy to appropriate 
wavelengths that photoactivate the photopharmaceuti- 
cal in the target dermal structures. Colored glass or in- 
terference filters used with these sources transmit some 
portion of unwanted wavelengths, notably in the infrared 

20 region, and can cause thermal effects that may mask 
the effect of photoactivity with an undesirable heating 
effect that also preferentially damages malignant tissue. 
High-power surgical lasers, even when de-focussed, al- 
so can induce undesirable thermal effects. The work of 

25 Svaasland, Photochem/PhotobioL, 1985, measured 
this effect and its impact on PDT protocols. 
[0008] Dosimetry of delivered photodynamically ef- 
fective light to a dermal treatment site is extremely dif- 
ficult using current projective optics. Mathematical mod- 

30 eling of skin optics has been a slow and difficult process. 
Recent publications by Van Gemert et at., IEEE Trans. 
Biomed. Eng., Vol. 36; 12, 1989, critically reviewed the 
prior work and presents a 4-layer model of light-dermal 
tissue interaction. Van Gemert et al. elaborates on the 

35 advantages and effectiveness of the diffusion model of 
light transport in tissue, which depends upon the effi- 
cient coupling of the externally applied light to the target 
tissue. A later publication by R. Rox Anderson, Optics 
of the Skin, Clinical Photomedicine, Dekker Publication, 

40 1 993, reviews the two basic processes which govern the 
optics or behavior of light in skin, namely, light absorp- 
tion and light scattering. 

[0009] DE-A-38 03 763 discloses the use of a monoc- 
rystal as coupling means between the source of light 

45 and the biological matterto be irradiated. In "Photophys- 
ical characterization of hermatoporphyrin incorporated 
within collagen gels", J. Photochem. Photobiol. B: Biol, 
22 (1994), 45-50, gel-embedded sensitizers are used 
for photodynamic treatment of cancer. 

50 [0010] An apparatus comprising the features of the 
preamble of claim 1 of this application is described in 
US 5,057, 1 04, relating to a method for treating cutane- 
ous vascular lesions. 

55 Summary of the Invention 

[001 1 ] It has been found that an efficient and practical 
means of establishing the diffusion conditions of light 
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transport is to provide a transparent coupling means that 
is in intimate contact with the skin containing dermal le- 
sions on one surface and with the light source on its op- 
posite surface. Under these conditions, reflective losses 
are reduced, and delivered optical energy is much more 5 
efficiently transmitted into the target region. 
[0012] The stratum corneum present at a dermal 
treatment site on the skin of a person is a formidable 
barrier to transport (transmission, penetrability or per- 
meability) of light into the deeper structures of the skin 
where dermal lesions typically reside, in whole or in part. 
The layered plate-light corneocytes comprising the stra- 
tum corneum constitute an efficient reflective optical 
surface which reflects nearly all light in the visible spec- 
trum. There is some transmission in the region of 590 
to 700 nanometers. Photopharmaceuticals are formu- 
lated to be activated by light energy in this region. Pen- 
etration depth is in the region of 1-3 mm from the dry 
corneocyte surface. It has been discovered that the in- 
terposition of a flexible transparent hydrogel coupling 
layer between a monochromatic plate or sheet-formed 
light source and the skin surface constitutes a new and 
more efficient delivery of activating optical energy to tar- 
get dermal lesions for photodynamic therapy, particular- 
ly where the monochromatic light source delivers light 
at the specific wavelength at which the photopharma- 
ceuticai is photoactivated. 

[001 3] There are other substantial benefits that attend 
the use of an intimately contactive hydrogel coupling 
layer. Because hydrogels are typically 60 to 90% water, 
hydration of the stratum corneum occurs rapidly follow- 
ing contact with the hydrogel sheet. This hydration has 
a substantial optical transparency, or optical transmis- 
siveness, enhancing effect, allowing more light to pass 
through the stratum corneum. Although the mechanism 
of this optical transparency has not been extensively 
studied, it is thought to result from a reduction of the light 
reflectivity of the stratum corneum through softening of 
the corneocytes by a solvent or plasticizing action. 
Castable transparent hydrogels are known in the art 
which may be cast into intimate physical and optical con- 
tact with, for example, a source of light. 
[001 4] This invention provides a composition for pho- 
todynamic therapy which comprises a photopharma- 
ceutical in a shapeable water-containing hydrogel which 
is transparent to light used for said photodynamic ther- 
apy. 

[0015] It is well established in the literature of chemi- 
cal transport through the skin that hydration can en- 
hance the chemical transparency, transmissiveness, 
passage or transport of pharmaceuticals through the 
stratum corneum. A review and discussion of this en- 
hanced transport under hydrated conditions is found in 
Ghosh era/., Pharmaceutical Tech., April 1993, 
[0016] It follows that there are two key requirements 
of PDT to dermal structures where the protocol requires 
topical application of the photopharmaceutical: (1) 
transport of the photopharmaceutical into target tissue, 



and (2) subsequent light activation of the photopharma- 
ceutical at the target tissue. These can be more efficient- 
ly accomplished using the diffusion route for both the 
drug and the activation optical energy. 
[0017] A transparent hydrogel coupling layer thus 
serves the dual purposes of establishing conditions for 
optical energy diffusion into skin tissue and photophar- 
maceutical compound diffusion or other introduction into 
skin tissue, by intercellular ortranscellular routes. It will 
be understood that the introduction of the photopharma- 
ceutical from the hydrogel into the hydrated skin or 
through the hydrated stratum corneum, depending on 
the specific photopharmaceutical used, can be by the 
above-discussed diffusion, or by absorption, or by an- 
other mechanism constituting chemical permeation or 
penetration of the hydrated skin or stratum corneum. 
Another optical advantage of a transparent transport hy- 
drogel is that it can remain in place after PDT exposure, 
as a protective dressing. 

[0018] In a preferred embodiment of this invention, a 
transparent hydrogel serves as a transport or reservoir 
of a hydration agent and a photopharmaceutical and the 
hydrogel rapidly releases the photopharmaceutical to 
the skin tissue. For purposes of PDT, rapid delivery is 
desirable. This contrasts with prior art transdermal de- 
vices for non-PDT drug delivery which provide much 
slower release kinetics for system absorption. Further, 
in the present invention, the PDT is localized to a dermal 
treatment site defined by a cover, container or patch 
covering the site where the dermal lesion is located and 
the light necessary to activate the photopharmaceutical 
is delivered only to the dermal treatment site. The inven- 
tion thus rapidly delivers the light activatable photophar- 
maceutical doses to skin tissue, and to a dermal lesion, 
and then delivers the light dose to initiate its biological 
activity to treat the dermal lesion. 
[0019] The intimate transparent hydrogel contact es- 
tablished at the skin surface of the treatment site forms 
both a fluid or fluidic coupling for the photopharmaceu- 
tical and an optical or optic coupling for the photoacti- 
vating light. The hydrogel fills in discontinuities in the 
skin to reduce reflection and matches indices of refrac- 
tion of the skin tissue. The water contained in the hydro- 
gel matrix begins to solubilize the stratum corneum, hy- 
drating this normally dry layer, and forms an avenue of 
exchange between the hydrogel and the dermal lesion. 
Hydration enhances both intracellular and transcellular 
pathways. Upon establishment of these pathways, 
transport of the photopharmaceutical to target tissue or 
dermal lesion commences. 

[0020] The effect of hydration on fluid transport across 
the stratum corneum layer is substantial. Normally, this 
structure contains 10 to 15% water. Hydrated stratum 
corneum can retain up to 50% water and the normal light 
diffusion coefficient of the hydrated stratum corneum 
can increase ten-fold. 

[0021] The effect of hydration on optical coupling of 
light into skin tissue is also substantial, but is sustaina- 
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ble only with the contact of the transparent hydrogel to 
both the skin tissue and the light source. In a preferred 
embodiment, a fiber optic panel comprising a plurality 
of fiber optic strands is used as a light delivery source 
to activate the photopharmaceutical, and hydrogel in 
contact with the fiber optic strands is efficient because 
at manufacture the hydrogel is cast against, and placed 
in intimate physical contact with, the fiber optic strands 
and conforms to the geometry of these strands, achiev- 
ing intimate optical coupling. The formation of the hy- 
drogel to skin surface juncture occurs at the point of en- 
gagement of the hydrogel-to-the-skin-surface. The 
physical characteristics of the hydrogel necessary to es- 
tablish intimate skin contact are those described for 
electrode contact in the prior art references, cited above. 
Similar characteristics are required for performing PDT 
with the present invention, with the added hydrogel at- 
tributes of light transmission and hydration of the skin. 
[0022] The mechanical changes hydration produces 
in the stratum corneum layer have a substantial impact 
on the optical coupling efficiency of externally applied 
light in the red region of the spectrum. The ultra-struc- 
ture of the stratum corneum is an array of flattened es- 
sentially dead cells which are constantly being shed in 
a natural process of skin surface renewal. This results 
in a very uneven, dry, and highly light reflective layer or 
barrier to light penetration or transmission. Hydration by 
contact with emollients and oil-based unguents confers 
an improved surface but the effect is transitory under 
projected optical illumination schemes that, through sur- 
face heating, rapidly degrade the hydration effect by dry- 
ing out the target region. Thus, though topically applied 
agents for PDT may briefly induce an optical improve- 
ment, it rarely persists through the projected light illumi- 
nation phase if surface heating occurs during illumina- 
tion. 

[0023] This is in marked contrast to the present inven- 
tion, where the hydrogel remains in place during the light 
dosage and serves as a hydration agent and photophar- 
maceutical reservoir or transport means, and a conduit 
and coupling for both light and fluidized agents to the 
target tissue or dermal treatment site during all phases 
of photodynamic therapy of a dermal lesion. 
[0024] In one preferred embodiment, the invention in- 
cludes a combination controller and patch for PDT of a 
dermal lesion located at a dermal treatment site on skin 
including the stratum corneum at the site. The controller 
is optically connected to the patch and the patch in- 
cludes a transparent coupler (e.g., hydrogel) for cover- 
ing the dermal treatment site and which contains a hy- 
dration agent and, in some applications, a photophar- 
maceutical. The transparent coupler couples the hydra- 
tion agent to the stratum corneum to hydrate and soften 
the stratum corneum to enhance its optical transmis- 
siveness to facilitate the transmission of light there- 
through and to enhance its chemical transmissiveness 
to facilitate the transmission therethrough of any pho- 
topharmaceutical to the dermal treatment site for treat- 



ment of the dermal lesion. A source of light delivery is 
included in the patch and receives optical energy from 
the controller and delivers the light through the transpar- 
ent coupling and the hydrated stratum corneum to any 
5 photopharmaceutical at the site to photoactivate the 
photopharmaceutical to biologically engage and treat 
the dermal lesion. The invention permits the patient un- 
dergoing therapy to control and vary the applied therapy 
for the patient's comfort and to eliminate, orsubstantially 
10 eliminate, patient discomfort and even pain. 

[0025] The invention also provides a method of apply- 
ing PDT to a dermal lesion including the steps of hydrat- 
ing the stratum corneum at the dermal treatment site to 
enhance its optical and chemical transparency or trans- 
it missiveness and introducing a photopharmaceutical 
and light through the hydrated stratum corneum to pho- 
toactivate the photopharmaceutical and cause it to bio- 
logically engage and treat the dermal lesion. In one pre- 
ferred embodiment, the method of the present invention 
20 utilizes a transparent hydrogel containing a hydration 
agent and a photopharmaceutical to fluidically couple 
the photopharmaceutical to the hydrated stratum cor- 
neum and to optically couple the light to the hydrated 
stratum corneum to photoactivate the photopharmaceu- 
25 tical through the hydrated corneum to cause the pho- 
toactivated photopharmaceutical to biologically engage 
and treat the dermal lesions. 



Brief Description of the Drawings 
30 ~~ 

[0026] 

FIG. 1 is a diagrammatical illustration, substantially 
in cross-section, illustrating prior art photodynamic 
35 therapy of a dermal lesion using projection optics; 

FIG. 2 is a diagrammatical illustration, substantially 
in cross-section, illustrating a first embodiment of a 
patch of the present invention; 
FIG. 2A is a partial cross-sectional view of the cover 
of a patch of the present invention and which illus- 
trates that the internal surface of the cover may be 
provided with a suitable light reflecting layer or coat- 
ing; 

FIG. 3 is a perspective cut away diagrammatical il- 
45 lustration of a patch shown in situ over a dermal 
treatment site according to a first embodiment; 
FIG. 3A is a partial perspective view of an optical 
fiber strand for illustrating diagrammatically the lat- 
eral, or radial, exiting of laser light; 
50 FIG. 4 is an exploded view, partially in cross-sec- 
tion, illustrating a second embodiment of the 
present invention; 

FIG. 5 is a perspective diagrammatical illustration, 
substantially in cross-section, illustrating the patch 
55 of the second embodiment shown in s/'fu over a der- 
mal treatment site and also showing connection to 
a laser diode; 

FIG. 6 is a diagrammatical perspective view, partial- 
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ly In cross-section, illustrating a procedure tray con- 
taining the components of the first embodiment ar- 
ticle of manufacture of the present invention illus- 
trated in FIGS. 2 and 3; 

FIG. 7 is a perspective view, in partial cutaway, il- 
lustrating an embodiment of the combination con- 
troller and patch of the present invention for apply- 
ing photodynamic therapy to dermal lesions; 
FIG. 8 is a general block diagram of a computer 
which can be included in the controller of the 
present invention and a general block diagram of a 
patch of the present invention; 
FIG. 9 is a flow chart of a computer program stored 
in a programmed logic array which is executed with- 
out patient, or attending physician or clinician, inter- 
vention; and 

FIG. 1 0 is a flow chart of another computer program 
also stored in the programmed logic array which is 
executed with patient, or attending physician or cli- 
nician, intervention. 

Detailed Description of Preferred Embodiments 

[0027] FIG. 1 illustrates prior art PDT of dermal le- 
sions 1 0 located in a person's skin indicated by general 
numerical designation 12, which skin includes the stra- 
tum corneum 14. It will be understood that the dermal 
lesions 1 0 are illustrated diagrammatical ly in FIG. 1 , and 
in FIGS. 2, 3 and 5 referred to below, by the darkest 
spots shown in the skin 12. It will be further understood 
that the dermal lesions 10 are generally located under 
the stratum corneum 1 4 or within the skin 1 2 or can ex- 
tend partly outwardly from the skin, as illustrated in FIG. 
1. 

[0028] Projective light source 1 3 directs light, indicat- 
ed by arrows 16, onto the skin 12 and, as noted gener- 
ally above, the stratum corneum 14 scatters the light 
with substantial portions of the light, as indicated by ar- 
row 1 7, being reflected away from the stratum corneum 
1 4 and thereby not initiating any photodynamic therapy. 
However, as further noted above, red light within the 
light 16 can penetrate the skin 12 to 3-4 mm. The pro- 
jective light source 13 is typically either a filtered incan- 
descent light source or a laser and is normally arranged 
to project the light 16 perpendicular to the skin 12 and 
corneum 14. It will be further understood from FIG. 1 
that the dermal treatment site, indicated generally by nu- 
merical designation 18, is generally not well defined in 
distinction to the dermal treatment site produced by the 
present invention, to be described below and illustrated 
in FIG. 2. 

[0029] Referring to FIG. 2, a first embodiment of a 
patch of the present invention, particularly useful in con- 
junction with the controller 72 of the present invention 
shown in FIG. 7 and described below, is indicated by 
general numerical designation 20. Patch 20 includes a 
cover 22, which may also be referred to as a container, 
and can be made, for example, of Mylar and suitably 



formed into the shape shown by, for example, vacuum 
forming. It will be noted that the lower portion of the cov- 
er 22 may be provided with an outwardly extending 
flange or peripheral portion 23 circumscribing the tower 

5 cover portion, and the peripheral portion 23 can be pro- 
vided with a suitable layer of adhesive 24, of a type 
known in the art and which is compatible with human 
skin, forsealingly engaging the skin 12 to seal the cover 
22 to the skin and define and cover a dermal treatment 

10 site indicated by general numerical designation 25. The 
flange or peripheral portion 23 and adhesive layer 24 
are better seen in FIG. 2A. It will be noted that in use of 
the patch 20 of the present invention illustrated in FIG. 
2, the dermal treatment site 25 is comparatively narrow- 

15 |y and well defined as contrasted to the open and com- 
paratively poorly defined prior art dermal treatment site 
18 illustrated in FIG. 1. 

[0030] The cover 22 provides an internal chamber 
22A, better seen in FIG. 2A, opposite the dermal treat- 
20 ment site 25 and a body or layer of transparent hydrogel 
26 is received and resides within the chamber 22A. 
Transparent hydrogel 26 can be a transparent hydrogel 
of the type described above and can be, for example, a 
polyvinyl alcohol having a water matrix in which water 
25 serves as a hydration agent in the present invention. 
The water or hydration agent is illustrated diagrammat- 
ically in FIG. 2 by circles 27. In addition to containing 
the water or hydration agent 27, the transparent hydro- 
gen includes a suitable photopharmaceutical for treat- 
so jng the dermal lesions 1 0. This photopharmaceutical is 
illustrated diagrammatical ly in FIG. 2 by the circles 28. 
The photopharmaceutical 28 can be introduced into the 
transparent hydrogel 26 by absorption. The photophar- 
maceutical 28 can be, for example, photopharmaceuti- 
35 cal 5-ALA available from the Sigma Chemical Company, 
St. Louis, Missouri, which is made photoactive by red 
light at a wavelength of substantially 635 nm. Suitable 
hydrogels are Aqutrix Lot R926C by Hydromer Inc. 
(Somerville, NJ, USA) and HYB0336 by Nepera Hydro- 
40 gels (Harrison, NY, USA). Such gels can be shaped into 
a desired shape. 

[0031] The patch 20, in FIG. 2, further includes a light 
delivery source indicated by general numerical designa- 
tion 30 and which can be an optic laser light-emitting 

45 panel available from Lasermax, Inc., of Rochester, New 
York, which emits monochromatic red light having a 
wavelength of substantially 635 nm so as to be photoac- 
tively compatible with and matched to the photoactive 
wavelength of the photopharmaceutical 28 contained in 

so the transparent hydrogel 26. The optic laser light-emit- 
ting panel 30 includes a plurality of optical fiber strands 
31 indicated in transverse cross-section by the linearly 
aligned circles shown in FIG. 2 and which strands 31 
may be better seen in the perspective view of FIG. 3. 

55 [0032] Referring to FIG. 2A, the cover 22 includes an 
internal surface 34 which can be provided with a suitable 
layer or coating of reflective material 35 which can be a 
layer of suitable reflective foil adhered to the internal 
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surface 34, or thermally staked thereto, or can be a suit- 
able reflective coating provided by a suitable deposition 
process. Reflective layer 35 is not shown in FIG. 2 be- 
cause it is relatively thin as compared to the cover 22 
but it will be understood that such reflective layer is 
present in patch 20 of FIG. 2. The optic laser light-emit- 
ting panel 30 resides within the chamber 22A and may 
be suitably secured to the cover 22, and to or through 
the reflective layer 35, by a suitable adhesive or by suit- 
able thermal staking. In this embodiment, the transpar- 
ent hydrogel 26 is a castable hydrogel and is cast into 
intimate physical and optical contact with the panel 30. 
[0033] Referring to FIG. 3, it will be understood that 
the strands of optical fibers 31 of the optic laser light- 
emitting panel 30 are actually the ends or end portions 
of the optical fibers contained in the optical fiber bundle 
36 which terminate in a suitable optical fiber connector 
37. As shown in FIG. 4, the cover 22 is provided with a 
suitably sized opening 57 for admitting the optical fiber 
bundle 36 therethrough. Connector 37 is for being con- 
nected to a suitable laser diode 40 for producing, in one 
embodiment, monochromatic red light indicated by the 
arrows 42 having a wavelength of substantially 635 nm. 
The laser diode 40 can be, for example, a TOLD 635 
available from Toshiba Optical Systems. The laser light 
42 is transmitted or ducted to the optical strands 31, 
through the optical bundle 36 and, as may be under- 
stood from FIG. 3A, the optical fiber strands 31 are pro- 
vided with side openings or lateral notches 39 which 
cause or permit the laser light 42 (FIG. 3) to be emitted 
at a number of angles from the sides of the strands 31 
which is ultimately reflected by the reflective layer orsur- 
face 35 (FIG. 2A) and caused to be impinged upon the 
stratum corneum 1 4 and skin 1 2. As may be noted from 
FIG. 2, the laser light, as indicated by the arrows 29, is 
reflected off the reflective surface 35 (FIG. 2A) and is 
transmitted through the transparent hydrogel 26. 
[0034] When the patch 20, FIGS. 2 and 3, is sealingly 
engaged to the skin 12 and stratum corneum 14 as il- 
lustrated in FIGS. 2 and 3 and as described above, the 
water or hydration agent 27 contained in the transparent 
hydrogel 26 engages the stratum corneum 14 and im- 
mediately begins to hydrate and soften the stratum cor- 
neum to enhance its optical transparency or transmis- 
siveness to facilitate the transmission of the laser light 
therethrough and to enhance its chemical transparency 
or transmissiveness to facilitate the transmission there- 
through of the photopharmaceutical 28 and into the der- 
mal treatment site 25 containing the dermal lesions 1 0. 
The laser light 42 (FIG. 3) is introduced into the dermal 
treatment site 25 and illuminates the site by light diffu- 
sion which photoactivates the photopharmaceutical 28 
to initiate its biological activity and to cause the photoac- 
tivated photopharmaceutical to biologically engage and 
treat the dermal lesion 10. After such treatment, as not- 
ed generally above, the cover 22 of the patch 20 may 
remain in place after the photodynamic therapy as a 
temporary protective dressing for the dermal treatment 



site 25. It will be further understood that, in this embod- 
iment, a biologically sufficient quantity of photopharma- 
ceutical is introduced into the hydrogel to accomplish 
treatment of the dermal lesion. 
5 [0035] Referring now to FIGS. 4 and 5, a second em- 
bodiment of a patch of the present invention, particularly 
useful in combination with the controller 72 of the 
present invention shown in FIG. 7 and described below, 
is shown and indicated by general numerical designa- 
te tion 20A. The structural elements in patch 20A which 
are the same, or substantially the same, as the corre- 
sponding structural elements in patch 20 of FIGS. 2 and 
3, are given the same numerical designation as the el- 
ements in FIGS. 2 and 3. It will be generally understood 

15 that patch 20A applies photodynamic therapy to dermal 
lesions 10, in FIG. 5, in substantially the same manner 
as patch 20 of FIGS. 2 and 3. However, in the embodi- 
ment 20A, the transparent hydrogel 26A includes the 
water or hydrating agent indicated by circles 27 in FIG. 

20 2, but does not contain the photopharmaceutical indi- 
cated by circles 28 in FIG. 2. Patch 20A includes a sec- 
ond layer or sheet of transparent hydrogel 50 which is 
smaller in size and/or thickness than transparent hydro- 
gel 26A and which, although containing a water matrix 

25 in which the photopharmaceutical is contained, is highly 
dehydrated as compared to the transparent hydrogel 
26A. The relatively highly dehydrated state of the trans- 
parent hydrogel 50 permits the transparent hydrogel 50 
to be cut and trimmed, such as by a pair of scissors 51 , 

30 into a body of hydrogel 54 having a size much smaller 
than the transparent hydrogel 26A and shaped into sub- 
stantially the same shape as the underlying dermal le- 
sion(s) 10, in FIG. 5. 

[0036] The photopharmaceutical contained in the 

35 transparent hydrogel 50 is toxic, typically acidic, and its 
application to the skin of a patient can be at least some- 
what discomforting or even painful. By reducing the size 
of the hydrogel containing the photopharmaceutical, ac- 
cording to the invention, a reduced but still biologically 

40 sufficient quantity of photopharmaceutical can be ap- 
plied photodynamically to the patient but with reduced 
discomfort. This also facilitates a photopharmaceutical 
profile that minimizes the application of the photophar- 
maceutical to healthy tissue at the dermal treatment site 

45 25, in FIG. 5, yet allows the controlled delivery of pho- 
toactivating light to the entire dermal treatment site 25. 
In application, and in practice of the photodynamic ther- 
apy, the trimmed hydrogel 54 resides within the cover 
22 intermediate with the transparent hydrogel 26A and 

50 the treatment site 25 as may be noted particularly from 
FIG. 5. The transparent hydrogel 26A and trimmed hy- 
drogel body 54 function in basically the same manner 
as the single layer of transparent hydrogel 26 in patch 
20 of FIGS. 2 and 3 to apply photodynamic therapy to 

55 the dermal lesion(s) 10. 

[0037] A procedure tray is indicated by general nu- 
merical designation 60. Procedure tray 60 is a single use 
procedure tray and may be suitably thermoformed from 
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a suitable plastic such as polypropylene. It will be further 
understood that the patches 20 and 20A of the present 
invention are single use patches. The tray is compart- 
mentalized, as shown , to receive, for example, the com- 
ponents or elements comprising the article of manufac- 
ture 20 shown in FIGS. 2 and 3. The transparent hydro- 
gel 26 may be received within a moisture impervious foil 
or laminate pouch 61 , the cover 22 and optic laser light- 
emitting panel 30 may be received in compartments as 
also shown. The procedure tray 60 is sealed against 
moisture variation by a "peelable" foil sealing panel 63. 
The sealing panel 63 is removed and the elements or 
components of the article of manufacture 20 are assem- 
bled as illustrated in FIGS. 2 and 3 and thereafter may 
be applied to the skin as described above and illustrated 
diagrammatically in FIGS. 2 and 3. 
[0038] Referring now to FIG. 7, a combination control- 
ler and patch for applying photodynamic therapy to a 
dermal lesion embodying the present invention is shown 
with the combination being indicated by general numer- 
ical designation 70. Combination 70 includes controller 
72 and patch 20 shown in FIGS. 2 and 3 and described 
above, or in the alternative patch 20A shown in FIGS. 4 
and 5 and described above. It will be understood that 
the controller 72 and patch 20, or20A, are of a size and 
weight such that they can be conveniently carried by a 
patient receiving the photodynamic therapy. The con- 
troller 72 can be provided with a suitable loop 73 through 
which a patient's belt may be inserted, or the controller 
72 can be provided with a suitable clip (not shown) for 
clipping the controller to the patient's clothing. 
[0039] Controller 72 includes a housing 74 which may 
be made of a suitable plastic suitably shaped into the 
configuration shown. Mounted to the housing 74 is a 
source of optical energy 75 which may be, for example, 
a solid state diode laser of the type noted above and 
which, in one embodiment, emits monochromatic red 
light having a wavelength of substantially 635 nm. Suit- 
able collimating optics, or lens, 76 are mounted to the 
housing intermediate the diode laser 75 and the patch 
connector 37 for aligning and directing the optical ener- 
gy or laser light 77, sometimes referred to as light flux, 
into the connector 37 and thereby into the bundle of optic 
fibers 36 and to and out the sides of the optical fiber 
strands 31 of the panel 30 as described above. It will be 
understood that the connector 37, as shown in FIGS. 3 
and 5 and described above, is disco nnectable from the 
housing 74, and it will be further understood that in a 
preferred embodiment of the present invention the patch 
20 is a single use patch which may be disposed of after 
use. It will be further understood that the controller 72 
is not disposable but instead may be used numerous 
times with different disposable patches. A power supply 
78, which may be a plurality of suitable batteries such 
as rechargeable batteries, is mounted to the housing 74 
to provide power to the solid state laser diode 75 and to 
a computer or processor indicated by general numerical 
designation 80. 



[0040] Computer 80 is suitably mounted in the hous- 
ing, such as by surface mounting technology of the type 
known in the art, and includes the microprocessor and 
clock 82 and programmed logic array 84 illustrated in 

5 block diagram form in FIG. 8. These components may 
be any one of several suitable components known in the 
art. The power supply 78 also provides power to the 
computer 80. A suitable liquid crystal display 85, in FIG. 
7, is suitably mounted to the housing 74 and is connect- 

10 ed operably to the microprocessor 82 as indicated dia- 
grammatically in FIG. 8. It will be understood generally 
that the display 85 provides a visible indication to a pa- 
tient undergoing PDT, or to an attending clinician or phy- 
sician, of the treatment steps of the PDT that is being 

15 performed or its status. Generally, the patient, attending 
physician or clinician, operates the controller 72 to apply 
PDT to the patient's dermal lesion through depression 
of the power-on button 88. If desired, or required, a pho- 
todetector 93, may be mounted on the computer 80 and 

20 one or more optical fibers from the bundle 36 may be 
connected to the photodetector 93 whereby the optical 
energy or laser light applied to the optical fiber strands 
31 can be sampled or monitored and suitable input pro- 
vided from the photodetector 93 to the computer to pro- 

25 vide further control of the optical energy or laser light 
applied to the patch 20 for photodynamic therapy as de- 
scribed above. 

[0041] Control of the PDT applied to a dermal lesion 
can be by the patient receiving the PDT or by the attend- 

30 ing clinician or physician and, more particularly, therapy 
is applied generally in accordance with the PDT dosage 
to be applied to the dermal treatment site pursuant to a 
preprogrammed time and intensity profile coded into the 
computer 80 and more particularly as coded into the pro- 

35 grammed logic array 84, in FIG. 8, pursuant to the com- 
puter program flow charts set forth in FIGS. 9 and 10. 
The flow charts set forth in FIGS. 9 and 1 0 enable a com- 
puter programmer of ordinary skill in the art to write and 
introduce a program into the programmed logic array 84, 

40 in any one of several different computer programming 
languages, to cause the combination controller and 
patch of the present invention to apply PDT to treat a 
dermal lesion in accordance with the programmed in- 
structions. 

45 [0042] As noted above, photodynamic therapy ap- 
plied to a dermal lesion can cause discomfort and even 
pain to the patient. As noted above with regard to the 
publications of Van Gemert et al. and Anderson et at., 
PDT can be varied by varying the intensity and/or dura- 

50 tion of optical energy or light applied to photoactivate 
the photopharmaceutical. 

[0043] Referring again to FIG. 7, it will be noted that 
the controller 72 includes the above-noted power-on 
button 88, and a start button 89, a power level up button 
55 90 and a power level down button 91 . These buttons are 
also shown in FIG. 8 as being connected to the micro- 
processor and clock 82 of the computer 80. Upon the 
power-on button 88 being depressed, by the patient or 
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characterised in that said fluid is a shapea- 
ble hydrogel which is transparent to said activating 
light. 

s 2. An apparatus according to claim 1 , wherein said hy- 
drogel includes a photopharmaceutical. 

3. An apparatus according to claim 1 , wherein said hy- 
drogel is in intimate contact with said source of light. 

10 

4. An apparatus according to claim 1 , wherein said 
source of light emits monochromatic light. 

5. An apparatus according to claim 1 , wherein said 
*5 source of light is a fiber optic panel. 

6. An apparatus according to claim 5, wherein said fib- 
er optic panel is connected to receive light from a 
laser diode via an optical fiber bundle. 

20 

7. An apparatus according to claim 1 for applying pho- 
todynamic therapy to a dermal lesion located at a 
dermal treatment site on the skin including the stra- 
tum corneum, comprising: 

25 

a controller and patch for applying photody- 
namic therapy to the dermal lesion and includ- 
ing said hydrogel containing hydration agent, a 
photo-pharmaceutical and a light delivery unit; 

30 the controller including said source of light con- 

nected to said light delivery unit; 
said patch for being secured to said skin over 
the dermal treatment site to cause said trans- 
parent hydrogel to engage the stratum cor- 

35 neum to cause said hydration agent to hydrate 

the stratum corneum to enhance its chemical 
transparency to permit the photopharmaceuti- 
cal to pass therethrough and enter the dermal 
treatment site and to enhance the optical trans- 

40 parency of the stratum corneum to facilitate the 

passage therethrough of light; and 
wherein said light delivery unit delivers said 
light through said transparent hydrogel and 
said hydrated stratum corneum to said photop- 

4 5 harmaceutical at the dermal treatment site to 

photoactivate said photopharmaceutical to 
cause said photopharmaceutical to biologically 
engage and treat the dermal lesion. 



an attending physician or clinician, the controller 72 un- 
der the control of the computer 80, and pursuant to the 
program stored in the programmed logic array 84 in ac- 
cordance with the flow chart set forth in FIG. 9, applies 
photodynamic therapy to a patient's dermal lesion as 
described above with regard to patches 20 and 20A. 
This program runs automatically in accordance with the 
dosimetry programmed into the computer in accordance 
with the predetermined photodynamic treatment proto- 
col determined by the program instructions in the pro- 
grammed logic array 84. If the patient experiences dis- 
comfort or pain during the automatic treatment protocol, 
the patient (or attending physician or clinician) can in- 
tervene by depressing the start button 89, which causes 
computer 80 to apply therapy according to FIG. 1 0. Un- 
like FIG. 9, the procedure of FIG. 1 0 allows the patient 
(or attending physician or clinician) to interactively con- 
trol treatment parameters. 

[0044] In the procedure shown in FIG. 10, if the patient 
experiences discomfort, the patient (or attending physi- 
cian or clinician) can depress the power level down but- 
ton 91 to decrease the intensity and/or duration of the 
optical energy or laser light being applied thereby de- 
creasing the photoactivity of the photopharmaceutical 
and decreasing the patient's discomfort. If the patient is 
not experiencing discomfort and desires to accelerate 
the photodynamic therapy of the dermal lesion, the pa- 
tient (or attending physician orclinician) can depress the 
power level up button 90 whereupon the computer 80, 
under the control of the programmed logic array 84 and 
the instructions programmed therein pursuant to FIG. 
1 0, increases the intensity of the optical energy, or laser 
light, applied to the photopharmaceutical to increase its 
photoactivity until the patient again experiences discom- 
fort whereupon the patient (or attending physician or cli- 
nician) can again depress the power level down button 
to reduce such discomfort. 

[0045] It will be understood that the term photophar- 
maceutical as used herein and in the appended claims 
means an agent which is itself a photosensitizer or 
which is converted to a photosensitizer in the body. 
[0046] Many variations and modifications of the 
above embodiments will occur to those skilled in the art. 
For example, optical sources and wavelength(s) other 
than those discussed above can be used in the inven- 
tion. In addition, the invention can be used in applica- 
tions otherthan those described above, for example, the 
invention can be used for hair removal. 



Claims 

1. An apparatus for photodynamic therapy of tissue, 
the apparatus comprising a source of light for irra- 
diating said tissue with activating light and a fluid in 
intimate physical contact with said source of light 
and with the location of said tissue exposed to said 
light, 



50 8. An apparatus according to claim 7, wherein said 
patch includes a cover provided with a seal for seal- 
ing said cover over the dermal treatment site to cov- 
er the dermal treatment site, wherein said transpar- 
ent hydrogel includes a water matrix providing said 

5 5 hydration agent and wherein said photopharmaceu- 
tical is absorbed into said water matrix. 

9. An apparatus according to claim 8, wherein said 
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cover includes an internal surface defining a cham- 
ber for receiving said transparent hydrogel and 
wherein said transparent hydrogel resides in said 
chamber, and wherein said cover further comprises 
a reflective layer provided on said internal surface £ 
for reflecting said light through said transparent hy- 
drogel and to said dermal treatment site. 

10. An apparatus according to claim 8, wherein said 
source of light is a laser providing laser light, and 10 
wherein said light delivery unit comprises an array 

of optical fibers for emitting laser light from sides 
thereof, and wherein said cover is provided with an 
internal reflective surface for reflecting said laser 
light through said transparent hydrogel and said hy- *5 
drated stratum comeum into the dermal treatment 
site, and wherein said transparent hydrogel com- 
prises castable transparent hydrogel, and wherein 
said transparent hydrogel is cast into intimate phys- 
ical and optical engagement with said array of opti- 20 
cal fibers. 

11. An apparatus according to claim 8, wherein said 
seal comprises a layer of adhesive applied to a pe- 
ripheral portion of said cover for sealingly engaging 25 
the skin to seal said cover to the skin over the der- 
mal treatment site. 

12. An apparatus according to claim 7, wherein said 
transparent hydrogel comprises a first layer of hy- 30 
drogel in said patch, and a second layer of hydrogel 

in said patch residing intermediate said first layer of 
hydrogel and the dermal treatment site, said first 
layer of hydrogel including a water matrix providing 
said hydration agent and said second layer of hy- 35 
drogel being smaller in size than said first layer and 
generally shaped to cover substantially only a der- 
mal lesion located at the dermal treatment site, said 
second layer of hydrogel including a water matrix 
into which said photopharmaceutical is absorbed. 40 

13. An apparatus according to claim 7, wherein said 
controller includes a power supply for providing 
power to said source of light, and wherein said con- 
troller includes a computer for control by a patient 45 
receiving the photodynamic therapy, said computer 
connected to said power supply to permit said pa- 
tient to control the amount of power supplied to said 
source of light and the time said power supply sup- 
plies power to said source of light to thereby permit so 
the patient to control and vary the photodynamic 
therapy applied to the dermal lesion. 

14. An apparatus according to claim 1 for photodynam- 
ic therapy of a dermal lesion located at a dermal 55 
treatment site on skin which includes the stratum 
corneum, comprising: 
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a cover which seals to the skin for covering and 
defining a dermal treatment site and for provid- 
ing a chamber opposite the dermal treatment 
site; 

said hydrogel containing hydration agent and 
at least one photopharmaceutical, said hydro- 
gel residing in said chamber and for engaging 
the skin at the dermal treatment site to cause 
said hydration agent to hydrate the stratum cor- 
neum at the dermal treatment site to enhance 
the passage therethrough of light and said pho- 
topharmaceutical; and 

a light delivery unit mounted to and inside of 
said cover and residing in said chamber for 
photoactivating said photopharmaceutical at 
said dermal treatment site to cause said pho- 
topharmaceutical to treat the dermal lesion. 

15. An apparatus according to claim 14, wherein said 
transparent hydrogel includes a water matrix com- 
prising said hydration agent. 

16. An apparatus according to claim 14, wherein said 
light delivery unit comprises a fiber optic laser light- 
emitting panel having a plurality of optical fibers pro- 
vided with side openings forthe lateral transmission 
of laser light therethrough to photoactivate said 
photopharmaceutical. 

17. An apparatus according to claim 16, wherein said 
cover includes an internal surface defining said 
chamber and wherein said cover further comprises 
a reflective layer provided on said internal surface 
for reflecting said laser light through said transpar- 
ent hydrogel. 

18. An apparatus according to claim 10 or 17, wherein 
said photopharmaceutical is photoactivatable at a 
predetermined wavelength and wherein said fiber 
optic provides monochromatic light at said prede- 
termined wavelength. 

19. An apparatus according to claim 18, wherein said 
predetermined wavelength is 635 nm. 

20. An apparatus according to claim 14, wherein said 
cover includes a lower portion having an outwardly 
extending peripheral portion and a layer of adhesive 
applied to said peripheral portion for sealingly en- 
gaging the skin to seal said cover to the skin over 
said dermal treatment site. 

21. An apparatus according to claim 14, wherein said 
hydrogel comprises a first layer of transparent hy- 
drogel received in said chamber and a second layer 
of transparent hydrogel received in said chamber 
and residing intermediate said first layer of hydrogel 
and the dermal treatment site, said first layer of hy- 



9 



17 



EP 0 841 965 B1 



18 



drogel including a water matrix providing said hy- 
dration agent and said second layer of hydrogel be- 
ing smaller in size than said first layer and shaped 
to cover substantially only the dermal lesion located 
at the dermal treatment site, and said second layer 5 
of hydrogel including a water matrix into which said 
photopharmaceutical is absorbed. 

22. An apparatus according to claim 1 for photodynam- 
ic therapy of a dermal lesion located at a dermal 10 
treatment site on skin which includes the stratum 
corneum, comprising: 

a cover which seals to the skin for covering and 
defining a dermal treatment site and for provid- 15 
ing a chamber opposite the dermal treatment 

site; 

said hydrogel contained in said chamber and 
for covering the dermal treatment site, said 
transparent hydrogel containing at least one 20 
hydration agent and at least one photopharma- 
ceutical, said hydrogel for coupling said hydra- 
tion agent to the stratum corneum at the dermal 
treatment site to hydrate and soften the stratum 
corneum to enhance the optical transmissive- 25 
ness of the stratum corneum to facilitate the 
transmission of light therethrough and to en- 
hance its chemical transmissiveness to facili- 
tate the transmission therethrough of said pho- 
topharmaceutical for treatment of the dermal le- 30 
sion; and 

a light delivery unit mounted to and inside said 
cover for delivering light through said transpar- 
ent hydrogel and through the hydrated stratum 
corneum to illuminate the dermal treatment site 35 
by light diffusion to photoactivate said photop- 
harmaceutical at said dermal treatment site to 
treat the dermal lesion. 



23. A shapeable hydrogel for use in photodynamic ther- 
apy of tissue, the hydrogel being transparent to light 
used in said photodynamic therapy. 



40 



24. A composition for photodynamic therapy which 
comprises a photopharmaceutical in a shapeable 45 
water-containing hydrogel which is transparent to 
light used for said photodynamic therapy. 



tivierungslicht transparent ist. 

2. Vorrichtung nach Anspruch 1, wobei das Hydrogel 
ein Photo-Arzneimittel aufweist. 

3. Vorrichtung nach Anspruch 1 , wobei das Hydrogel 
engen Kontakt mit der Lichtquelle hat. 

4. Vorrichtung nach Anspruch 1 , wobei die Lichtquelle 
monochromatisches Licht emittiert. 

5. Vorrichtung nach Anspruch 1 , wobei die Lichtquelle 
in einem optischen Faserfeld besteht. 

6. Vorrichtung nach Anspruch 5, wobei das optische 
Faserfeld zum Empfangen von Licht von einer La- 
serdiode uber ein optisches Faserbiindel ange- 
schlossen ist. 

7. Vorrichtung nach Anspruch 1 zum Anwenden pho- 
todynamischer Therapie auf eine Hautschadigung 
an einer Haut-Eingriffsstelle auf der Haut ein- 
schlieBlich der Hornschicht, mit einer Steuereinheit 
und einem Flecken zum Anwenden der photodyna- 
mischen Therapie auf die Hautschadigung und mit 
dem Hydrationsmittel enthaltenden Hydrogel, ei- 
nem Photo-Arzneimittel und einer Lichtforderein- 
heit, wobei 

die Steuereinheit die Lichtquelle aufweist, die 
an die Lichtfordereinheit angeschlossen ist, 

der Flecken zum Anbringen auf der Haut uber 
der Haut-Eingriffsstelle ausgelegt ist, urn das trans- 
parente Hydrogel in die Hornschicht eindringen zu 
lassen, urn das Hydrationsmittel zur Hydration der 
Hornschicht zur Verbesserung ihrer chemischen 
Transparenz zu veranlassen, urn dem Photo-Arz- 
neimittel den Durchtritt und das Eintreten in die 
Haut-Eingriffsstelle zu ermoglichen und die opti- 
sche Transparenz der Hornschicht zu steigern, urn 
den Durchtritt von Licht dadurch zu erleichtern, und 

die Lichtfordereinheit das Licht durch das 
transparente Hydrogel und die hydratisierte Horn- 
schicht zu dem Photo-Arzneimittel an der Haut-Ein- 
griffsstelle befordert, urn das Photo-Arzneimttel zu 
photo-aktivieren und damit zum biologischen Ein- 
wirken und Behandeln der Hautschadigung zu ver- 
anlassen. 



PatentansprCiche 

1. Vorrichtung zur photodynamischen Gewebethera- 
pie mit einer Lichtquelle zum Bestrahlen des Gewe- 
bes mit Aktivierungslicht und einem Fluid in engem 
physischen Kontakt mit der Lichtquelle und der dem 
Licht ausgesetzten Gewebestelle, 

dadurch gekennzeichnet, daft das Fluid in 
einem formbaren Hydrogel besteht, das fur das Ak- 



8. Vorrichtung nach Anspruch 7, wobei der Flecken ei- 
ne Abdeckung aufweist, die mit einer Dichtung zum 
Dichten der Abdeckung uber der Haut-Eingriffsstel- 
le ausgestattet ist, urn die Haut-Eingriffsstelle abzu- 
decken, wobei das transparente Hydrogel eine 
Wassermatrix zum Bereitstellen des Hyd ratio nsmit- 
tels aufweist, und wobei das Photo-Arzneimittel in 
die Wassermatrix absorbiert ist. 

9. Vorrichtung nach Anspruch 8, wobei die Abdeckung 
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eine eine Kammer zur Aufnahme des transparenten 
Hydrogels definierende Innenflache aufweist, und 
das transparente Hydrogel in der Kammer angesie- 
delt ist, und wobei die Abdeckung ferner auf der In- 
nenflache eine Ref lexionsschicht zum Reflektieren 
des Lichts durch das transparente Hydrogel und zu 
der Haut-Eingriffsstelle aufweist. 

10. Vorrichtung nach Anspruch 8, wobei die Lichtquelle 
in einem Laserlichtausgebenden Laser besteht, die 
Lichtfordereinheit ein optisches Faser-Array zur 
Emission von Laserlicht von Stellen davon auf- 
weist, die Abdeckung mit einer Reflexionsinnenfla- 
che zum Reflektieren des Laserlichts durch das 
transparente Hydrogel und die hydratisierte Hom- 
schicht in die Haut-Eingriffsstelle ausgestattet ist, 
das transparente Hydrogel formbares transparen- 
tes Hydrogel aufweist, und das transparente Hydro- 
gel in engen physischen und optischen Eingriff mit 
dem optischen Faser-Array gebracht ist. 

11. Vorrichtung nach Anspruch 8, wobei die Dichtung 
eine Klebstoffschicht aufweist, die auf einen Um- 
fangsbereich der Abdeckung zum dichtenden Ein- 
griff mit der Haut angebracht ist, um die Abdeckung 
in dichtenden Kontakt zu der Haut uber der Haut- 
Eingriffsstelle zu bringen. 

12. Vorrichtung nach Anspruch 7, wobei das transpa- 
rente Hydrogel eine erste Hydrogel-Schicht in dem 
Flecken und eine zweite Hydrogel-Schicht in dem 
Flecken zwischen der ersten Schicht und der Haut- 
Eingriffsstelle aufweist, wobei die erste Hydrogel- 
Schicht eine Wassermatrix mit dem Hydrationsmit- 
tel aufweist, und die zweite Hydrogel-Schicht klei- 
ner ist als die erste Schicht, und generell so geformt 
ist, daft sie im wesentlichen nur die Hautschadi- 
gung an der Haut-Eingriffsstelle abdeckt, wobei die 
zweite Hydrogel-Schicht eine Wassermatrix auf- 
weist, in die das Photo-Arnzeimittel absorbiert ist. 

13. Vorrichtung nach Anspruch 7, wobei die Steuerein- 
heit eine Leistungsquelle zur Energieversorgung 
der Lichtquelle aufweist, die Steuereinheit einen 
Computer zur Steuerung durch einen die photody- 
namische Therapie empfangenden Patienten auf- 
weist, und der Computer an die Leistungsquelle an- 
geschlossen ist, um dem Patienten die Steuerung 
des der Lichtquelle zugefuhrten Energiebetrags 
und der Zeit, uber die die Leistungsquelle Leistung 
zu der Lichtquelle zufuhrt, erlaubt, um dem Patien- 
ten damit zu ermoglichen, die auf die Hautschadi- 
gung angewandte photodynamische Therapie zu 
steuern und zu variieren. 

14. Vorrichtung nach Anspruch 1 zur photodynami- 
schen Therapie einer an einer Haut-Eingriffsstelle 
auf der Haut einschlieBlich der Hornschicht befind- 



lichen Hautschadigung, mit: 

einer Abdeckung mit dichtendem Kontakt zur 
Haut zum Abdecken und Definieren einer Haut- 

5 Eingriffsstelle, und zum Bereitstellen einer 

Kammer gegenuber der Haut-Eingriffsstelle; 
dem Hydrogel, das ein Hydrationsmittel und 
wenigstens ein Photo-Arzneimittei enthalt, in 
der Kammer angesiedelt ist und zum Eindrin- 

10 gen in die Haut an der Haut-Eingriffsstelle aus- 

gelegt ist, um das Hydrationsmittel zur Hydra- 
tion der Hornschicht an der Haut-Eingriffsstelle 
zu veranlassen, um den Durchtritt von Licht und 
Photo-Arzneimttel dadurch zu steigern; und 

15 einer Lichtfordereinheit, die innerhalb der Ab- 

deckung angebracht und innerhalb der Kam- 
mer angesiedelt ist, zum Photo-Aktivieren des 
Photo-Arzneimittels an der Haut-Eingriffsstelle, 
um die Behandlung der Hautschadigung durch 

20 das Photo-Arzneimittel auszulosen. 

15. Vorrichtung nach Anspruch 14, wobei das transpa- 
rente Hydrogel eine Wassermatrix mit dem Hydra- 
tionsmittel aufweist. 

25 

16. Vorrichtung nach Anspruch 14, wobei die Lichtfor- 
dereinheit ein optisches, Laserlicht emittierendes 
Faserfeld mit mehreren optischen Fasern aufweist, 
die mit Seitenoffnungen zur lateralen Transmission 

30 von Laserlicht dadurch versehen sind, um das Pho- 
to-Arzneimittel zu photo-aktivieren. 

17. Vorrichtung nach Anspruch 16, wobei die Abdek- 
kung eine die Kammer definierende Innenflache 

35 aufweist, und die Abdeckung ferner auf der Innen- 
flache eine Reflexionsschicht zum Reflektieren des 
Laserlichts durch das transparente Hydrogel auf- 
weist. 

40 18. Vorrichtung nach Anspruch 10 Oder 17, wobei das 
Photo-Arzneimittel bei einer vorbestimmten Wel- 
lenlange photo-aktivierbar ist, und die Faseroptik 
monochromatisches Licht bei dieser vorbestimm- 
ten Wellenlange liefert. 

45 

19. Vorrichtung nach Anspruch 18, wobei die vorbe- 
stimmte Wellenlange bei 635 nm iiegt. 

20. Vorrichtung nach Anspruch 14, wobei die Abdek- 
50 kung einen unteren Bereich mit einem nach auBen 

verlaufenden Umfangsbereich und eine auf den 
Umfangsbereich angebrachte Klebstoffschicht zum 
dichtenden Eingriff mit der Haut aufweist, um die 
Abdeckung dichtend mit der Haut uber der Haut- 
55 Eingriffsstelle zu verbin den. 

21 . Vorrichtung nach Anspruch 1 4, wobei das Hydrogel 
eine erste transparente Hydrogelschicht in der 
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Kammer und eine zweite transparente Hydrogel- 
schicht in der Kammer zwisch en der ersten Hydro- 
gelschicht und der Haut-Eingriffsstelle aufweist, die 
erste Hydrogelschicht eine Wassermatrix mit dem 
Hydrationsmittel aufweist, und die zweite Hydrogel- s 
schicht kleiner ist als die erste Schicht und so ge- 
formt, daf3 sie im wesentlichen nur die an der Haut- 
Eingriffsstelle bef indiiche Hautschadigung abdeckt, 
und die zweite Hydrogelschicht eine Wassermatrix 
aufweist, in die das Photo-Arzneimittel absorbiert 10 
ist. 

22. Vorrichtung nach Anspruch 1 zur photodynami- 
schen Therapie einer Hautschadigung, die sich auf 
einer Haut-Eingriffsstelle auf Haut mit Hornschicht is 
befindet, mit: 

einer dichtend mit der Haut verbundenen Ab- 
deckung zum Abdecken und Definieren einer 
Haut-Eingriffsstelle und zum Bereitstellen einer 20 
Kammer gegeniiber der Haut-Eingriffsstelle; 
dem in der Kammer enthaltenen Hydrogel zum 
Abdecken der Haut-Eingriffsstelle, wobei das 
transparente Hydrogel wenigstens ein Hydrati- 
onsmittel und wenigstens ein Photo-Arzneimit- 25 
tel aufweist, zum Ansetzen des Hydrationsmit- 
tels an die Hornschicht an der Haut-Eingriffs- 
stelle, urn die Hornschicht zu hydratisieren und 
weich zu machen, urn die optische Transpa- 
renz der Hornschicht zu steigern, urn die Licht- 30 
transmission dadurch zu erleichtern, und um 
seine chemische Transparenz zu steigern, um 
die Transmission des Photo-Arzneimittels zur 
Behandlung der Hautschadigung dadurch zu 
erleichtern; und 35 
einer Lichtfordereinheit, die innerhalb der Ab- 
deckung zur Lichtforderung durch das transpa- 
rente Hydrogel und durch die hydratisierte 
Hornschicht angebracht ist, um die Haut-Ein- 
griffsstelle durch Lichtdiffusion zu beleuchten, 40 
um das Photo-Arzneimttel an der Haut-Ein- 
griffsstelle zu photo-aktivieren, um die Haut- 
schadigung zu behandeln. 

23. Formbares Hydrogel zur Verwendung in der photo- 45 
dynamischen Gewebetherapie, das fur das in der 
photodynamischen Therapie verwendete Licht 
transparent ist. 

24. Zusammensetzung fur photodynamische Therapie so 
mit einem Photo-Arzneimittel in einem formbaren, 
Wasser enthaltenden Hydrogel, das fur das in der 
photodynamischen Therapie verwendete Licht 
transparent ist. 



Revendications 

1. Dispositif de therapie photodynamique de tissu, le 
dispositif comportant une source de lumiere pour 
irradier ledrt tissu a i'aide d'une lumiere d' activation 
et un fluide en contact physique intime avec ladite 
source de lumiere et avec I'emplacement dudit tissu 
expose a ladite lumiere, 

caracterise en ce que ledit fluide est un hy- 
drogel modelable qui est transparent a ladite lumie- 
re d'activation. 

2. Dispositif selon (a revendication 1 , dans lequel ledit 
hydrogel comporte un compose photo-pharmaceu- 
tique. 

3. Dispositif selon la revendication 1 , dans lequel ledit 
hydrogel est en contact intime avec ladite source 
de lumiere. 

4. Dispositif selon la revendication 1 , dans laquelle la- 
dite source de lumiere emet une lumiere monochro- 
matique. 

5. Dispositif selon la revendication 1 , dans lequel la- 
dite source de lumiere est un panneau de fibres op- 
tiques. 

6. Dispositif selon la revendication 5, dans lequel ledit 
panneau de fibres optiques est connecte pour re- 
cevoir une lumiere provenant d'une diode laser via 
un faisceau de fibres optiques. 

7. Dispositif selon la revendication 1 pour appliquer 
une therapie photodynamique a une lesion dermi- 
que situee au niveau d'un site de traitement dermi- 
que sur la peau incluant la couche cornee, 
comportant : 

un controleur et un patch pour appliquer une 
therapie photodynamique a la lesion dermique 
et incluant ledit hydrogel contenant un agent 
d'hydratation, un compose photo-pharmaceuti- 
que et une unite de diffusion de lumiere, 
le controleur incluant ladite source de lumiere 
connectee a ladite unite de diffusion de lumiere, 
ledit patch etant destine a etre fixe a ladite peau 
sur le site de traitement dermique pour amener 
ledit hydrogel transparent a venir en contact 
avec la couche cornee afin d'amener ledit 
agent d'hydratation a hydrater la couche cor- 
nee afin d'augmenter sa transparence chimi- 
que pour permettre au compose photo-phar- 
maceutique de passer a travers et d'entrer 
dans le site de traitement dermique et d'accen- 
tuer la transparence optique de la couche cor- 
nee afin de faciliter le passage a travers celle- 
ci d'une lumiere, et 
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dans iequel ladite unite de diffusion de lumiere 
diffuse ladite lumiere a travers ledit hydrogel 
transparent et ladite couche cornee hydratee 
dans ledit compose pharmaceutique au niveau 
du site de traitement dermique pour photoacti- 
ver ledit compose photo-pharmaceutique afin 
d'amener ledit compose photo-pharmaceuti- 
que a venir au contact avec et a traiter biologi- 
quement la lesion dermique. 

8. Dispositif selon la revendication 7, dans Iequel ledit 
patch comporte un couvercle muni d'un joint etan- 
che pour sceller ledit couvercle sur le site de traite- 
ment dermique afin de recouvrir le site de traitement 
dermique, dans Iequel ledit hydrogel transparent 
comporte une matrice d'eau fournissant ledit agent 
d'hydratation et dans Iequel ledit compose photo- 
pharmaceutique est absorbe dans ladite matrice 
d'eau. 

9. Dispositif selon la revendication 8, dans Iequel ledit 
couvercle comporte une surface interne definissant 
une chambre pour recevoir ledit hydrogel transpa- 
rent, ledit hydrogel transparent se trouvant dans la- 
dite chambre, et dans Iequel ledit couvercle com- 
porte de plus une couche reflectrice agencee sur 
ladite surface interne pour reflechir ladite lumiere a 
travers ledit hydrogel transparent et dans ledit site 
de traitement dermique. 

10. Dispositif selon la revendication 8, dans Iequel la- 
dite source de lumiere est un laser delivrant une lu- 
miere laser, et dans Iequel ladite unite de diffusion 
de lumiere comporte un groupement de fibres opti- 
ques pour emettre une lumiere laser depuis des co- 
tes de celui-ci, et dans Iequel ledit couvercle est mu- 
ni d'une surface reflectrice interne pour reflechir la- 
dite lumiere laser a travers ledit hydrogel transpa- 
rent et ladite couche cornee hydratee dans le site 
de traitement dermique, et dans Iequel ledit hydro- 
gel transparent comporte un hydrogel transparent 
pouvant etre coule, et dans Iequel ledit hydrogel 
transparent est coule en contact physique et opti- 
que intime avec ledit groupement de fibres opti- 
ques. 

11. Dispositif selon la revendication 8, dans Iequel ledit 
joint etanche comporte une couche d'adhesif appli- 
quee sur une partie peripherique dudit couvercle 
pour venir au contact de maniere etanche de la 
peau afin de sceller ledit couvercle a la peau sur le 
site de traitement dermique. 

12. Dispositif selon la revendication 7, dans Iequel ledit 
hydrogel transparent comporte une premiere cou- 
che d'hydrogel dans ledit patch, une seconde cou- 
che d'hydrogel dans ledit patch se trouvant a une 
position intermediate entre ladite premiere couche 



d'hydrogel et le site de traitement dermique, ladite 
premiere couche d'hydrogel comportant une matri- 
ce d'eau fournissant ledit agent d'hydratation et la- 
dite seconde couche d'hydrogel etant plus petite en 

s termes de taille que ladite premiere couche et ge- 
neralement formee pour recouvrir essentiellement 
uniquement une lesion dermique situee au niveau 
du site de traitement dermique, ladite seconde cou- 
che d'hydrogel comportant une matrice d'eau dans 

10 laquelle ledit compose photo-pharmaceutique est 
absorbe. 

13. Dispositif selon la revendication 7, dans Iequel ledit 
controleur comporte une alimentation en courant 

15 pour delivrer un courant dans ladite source de lu- 
miere, et dans Iequel ledit controleur comporte un 
ordinateur pour une commande par un patient re- 
cevant la therapie photodynamique, ledit ordinateur 
etant connecte a ladite alimentation en courant pour 

20 permettre audit patient de commander la quantite 
de courant delivree dans ladite source de lumiere 
et la duree pendant laquelle ladite alimentation en 
courant delivre un courant dans ladite source de lu- 
miere de maniere a permettre au patient de com- 

25 mander et de faire varier la therapie photodynami- 
que appliquee a la lesion dermique. 

14. Dispositif selon la revendication 1 pour une therapie 
photodynamique d'une lesion dermique situee au 

30 niveau d'un site de traitement dermique sur la peau 
incluant la couche cornee, comportant : 



un couvercle qui se scelle a la peau pour re- 
couvrir et def inir un site de traitement dermique 
et pourfournir une chambre en vis-a-vis du site 
de traitement dermique, 

ledit hydrogel contenant un agent d'hydratation 
et au moins un compose photo-pharmaceuti- 
que, ledit hydrogel residant dans ladite cham- 
bre et venant au contact de la peau au niveau 
du site de traitement dermique pouramener le- 
dit agent d'hydratation a hydrater la couche cor- 
nee au niveau du site de traitement dermique 
afin d'augmenter le passage a travers celui-ci 
d'une lumiere et dudit compose photo-pharma- 
ceutique, et 

une unite de diffusion de lumiere montee sur 
ledit couvercle et a I'interieur de celui-ci, et se 
trouvant dans ladite chambre pour photoactiver 
ledit compose photo-pharmaceutique au ni- 
veau dudit site de traitement dermique afin 
d'amener ledit compose photo-pharmaceuti- 
que a traiter la lesion dermique. 
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15. Dispositif selon la revendication 14, dans Iequel le- 
dit hydrogel transparent comporte une matrice 
d'eau comportant ledit agent d'hydratation. 
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16. Dispositif selon la revendication 14, dans iequel la- 
dite unite de diffusion de lumiere comporte un pan- 
neau demission de lumiere laser a fibres optiques 
ayant une pluralite de fibres optiques munies 
d'ouvertures laterales pour la transmission laterale 
d'une lumiere laser a travers celles-ci afin de pho- 
toactiver ledit compose photo-pharmaceutique. 

17. Dispositif selon la revendication 16, dans Iequel le- 
dit couvercle comporte une surface interne definis- 
sant ladite chambre et dans Iequel ledit couvercle 
comporte de plus une couche reflectrice agencee 
sur ladite surface interne pour reflechir ladite lumie- 
re laser a travers ledit hydrogel transparent. 

18. Dispositif selon la revendication 10 ou 17, dans Ie- 
quel ledit compose photo-pharmaceutique peut 
etre photoactive a une longueur d'onde predetermi- 
ned et dans Iequel ladite fibre optique delivre une 
lumiere monochromatique a ladite longueur d'onde 
predeterminee. 

19. Dispositif selon la revendication 18, dans Iequel la- 
dite longueur d'onde predeterminee est de 635 nm. 

20. Dispositif selon la revendication 14, dans Iequel le- 
dit couvercle comporte une partie inferieure ayant 
une partie peripherique s'etendant vers I'exterieur 
et une couche d'adhesif appliquee sur ladite partie 
peripherique pour venir au contact de maniere etan- 
che avec la peau afin de sceller ledit couvercle a la 
peau sur ledit site de traitement dermique. 

21. Dispositif selon la revendication 14, dans Iequel le- 
dit hydrogel comporte une premiere couche d'hy- 
drogel transparent recue dans ladite chambre et 
une seconde couche d'hydrogel transparent recue 
dans ladite chambre et se trouvant a un niveau in- 
termediaire entre ladite premiere couche d'hydrogel 
et le site de traitement dermique, ladite premiere 
couche d'hydrogel comportant une matrice d'eau 
fournissant ledit agent d'hydratation et ladite secon- 
de couche d'hydrogel etant plus petite en termes de 
taille que ladite premiere couche et mise en forme 
pour recouvrir essentiellement uniquement la le- 
sion dermique situee au niveau du site de traite- 
ment dermique, et ladite seconde couche d'hydro- 
gel comportant une matrice d'eau dans laquelle le- 
dit compose photo-pharmaceutique est absorbe. 

22. Dispositif selon la revendication 1 pour une therapie 
photodynamique d'une lesion dermique situee au 
niveau d'un site de traitement dermique sur la peau 
incluant la couche cornee, comportant : 

un couvercle qui se Scelle sur la peau pour re- 
couvrir et definir ainsi le traitement dermique et 
pour fournir une chambre en vis-a-vis du site 
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de traitement dermique, 
ledit hydrogel contenu dans ladite chambre et 
destine a recouvrir le site de traitement dermi- 
que, ledit hydrogel transparent contenant au 
moins un agent d'hydratation et au moins un 
compose photo-pharmaceutique, ledit hydro- 
gel etant destine a coupler ledit agent d'hydra- 
tation et la couche cornee au niveau du site de 
traitement dermique pour hydrater et ramollir la 
couche cornee afin d'accentuer la capacite de 
transmission optique de la couche cornee afin 
de faciliter la transmission d'une lumiere a tra- 
vers celle-ci et pour augmenter sa capacite de 
transmission chimique pour faciliter la trans- 
mission a travers celle-ci dudit compose photo- 
pharmaceutique pour le traitement de la lesion 
dermique, et 

une unite de diffusion de lumiere montee sur 
ledit couvercle et a I'interieur de celui-ci, pour 
diffuser une lumiere a travers ledit hydrogel 
transparent et a travers ladite couche cornee 
hydratee afin d'illuminer le site de traitement 
dermique par une diffusion de lumiere pour 
photoactiver ledit compose photo-pharmaceu- 
tique au niveau dudit site de traitement dermi- 
que afin de traiter la lesion dermique. 

23. Hydrogel modelable destine a etre utilise dans une 
therapie photodynamique de tissu, I'hydrogel etant 
transparent a une lumiere utilisee dans ladite the- 
rapie photodynamique. 

24. Composition pour une therapie photodynamique 
qui comporte un compose photo-pharmaceutique 
dans un hydrogel modelable contenant de I'eau qui 
est transparent a une lumiere utilisee pour ladite 
therapie photodynamique. 
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FIG. 3A 
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